UNCLASSIFIED

AD NUMBER

AD396904

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies only; Foreign Government
Information; APR 1966. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY

DSTL, AVIA 6/21624, 17 Nov 2008; DSTL,
AVIA 6/21624, 17 Nov 2008

THIS PAGE IS UNCLASSIFIED




CONFIDENTIAL

w3704

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION. ALEXANDRIA, VIRGINIA

CONFIDENTIAL



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsidility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 and 79%. THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIBITED

BY IAW.



I

APRIL

|

TR 66107

CONFIDENTIAL

ROYAL AIRCRAFT ESTABLISHMEN
TECHNICAL REPORT No. 66107

\\rr o

U pUG 151966 \‘
ﬂ;‘;u‘*:u u a_.t_
D

FACTORS AFFECTING THE

RANGE OF A U.H.F. DIGITAL

DATA SYSTEM IN THE REGION

OF AND BEYOND THE HORizoN [C]
by

Donald P. L. May

Son use
. ANY
e &N
LA . UM ER
R R ¢

(_:L ’ TY>

G ) 3

i i : o

5 '
- T PO P

~

4 ‘e

- . - ,

e 4

MINISTRY OF AVIATION

FARNBOROUGH HANTS

CONFIDENTIAL 'EXCLUDED FROM AUTOMATIC
REGRADING ; Dop Dir 5200.1Q



®

MINISTRY OF AVIATION

THIS DOCUMENT 15 THE PROPERTY OF H.M. GOVERNMENT AND
ATTENTION IS CALLED TO THE PENALTIES ATTACHING TO
ANY INFRINGEMENY OF THE OFFICIAL SECRETS ACTS, 1911-1939 -

& is wonded for the we of tha recipient only, and for communication %0 such officers-uader kim
uwnﬂtnhm&m‘mhmmumtﬂmdmhm The efficers enercising
this pewer of i e ble that such s imparted with due caution and
roserve. Annmmmmuwhdhvup- i of this

by finding or acherwise, Mwwu‘a\hcvmmhhmmnndu&m.humm
-5

THE SECRETARY, NlNlSTRY OF AVIATION, LONDON, W.CJ
hmmmmhm*nnpwmhnhm AN persors ace heroby warned

het the i an ofence against the Offical
mu-.




CONFIDENTIAL

SECISTION for

e p
1ET WIITE sr.eq?(j

5 ELIF SZOTION O

. No, 621,396,933 : 621,3.092.4 : 621,3,029,63 : 621,391,812

o ,...#_OYAL AIRCRAFT ESTABL
mopon IID l|Yp»nr

R @ W

Repew
D%, |

SHMENT

\mmoxammm

D B0 m_[_ ‘ ”.,-._

> 4
\/0 Donald.P L. Mqv_)

() TK-66197

\ SUMMARY

and their effeots upon communication efficiency in this region,

~ting the Fationsl

contnins 1nforn‘ation a"f( ”‘t 7 e tM‘
*Inis °°°\wi‘m ead Statos within 0 L
pDefen:e ’

R € O, T e o3 o
tawl, -8 1s, U. - a of itu ;:',Ls.n& in any

Espioutd” l jon cr the revelatict

1'03 Lranass aS1ts

t.d by law.’
uxmumorzied person is pronibate
panmer to 8d

Departmental Reference 3 Rad 919

" , CONFIDENTIAL “ /



wm o wNn -

10

11
12

13
14
15

Rﬁcd(na ?4%'8(1,\(- nT Giited
CONFIDENTIAL

CONTENTS

INTRODUCTION

U,H,F, DLTA LINK SYSTEM

MESSAGE FORMAT

CORRUPTION OF MESSAGES

GROUND EQUIPMENT

5¢1 Transmitters

5¢2 Ground monitoring

ATRBORNE EQUIPMENT

6.1 Data equipment

6,2 Airborne instrumentation. First stage
6,3 Flight observations. First stage

6.4 Instrumentation for sSecond stage flights
COURSE OF FLIGHT

STAGE ONE RESULTS

8,1 40000 ft flights

8,2 Signal strength attenuation near the horizon
8,3 48000 ft flights

8.4 Quad aerial runs

8,5 Preliminary runs with 3 kW amplifier and oomparisons
8.6 Notes on results of stage one

STAGE TWO PLANNING

FACTORS AFFECTING EXTRACTION OF DATA

10,1 A.G.C,

10,2 Pulse rate integration

10,3 Recerder

REDUCTION CF DATA

STAGE TWO RESULTS

12.1 Message percentage at 5000 ft¢

12,2 Message percentage at 10000 £t

12,3 Message percentage at 18000 ft

12,4 Meterologloal oonditions versus range
12,5 Signal strength distribution

12,6 Fading

12,7 Cause of message loas

CONCLUSIONS STAGE ONE

CONCLUSIONS STAGE TWO

Acknowledgements

CONFIDENTIAL

g
)
[

\oxo\ooooooo-q\f\l-slemm\n\n"‘

I - ™ ™ SN N i G W W G
NN T UBT T WD s OO0

PERBRRBIIIIA




IN CONFIDENTIAL

CONTENTS (Contd,
Appendix A Meteorological data 5000 ft
Appendix B Meteorologiocal data 10000 ft
Appendix C  Meteorological data 18000 ft
Lppendix D Histogram. Outbound 5000 f£t/100W/bicone
Appendix E Histogram, Inbound 5000 ft/100/bioone
Appendix F  Histogram, Outbound 5000 f£t/3 Wif/turnstile
Appendix G Histogram, Inbound 5000 ft/3 Mi/turnstile
Appendix H Histogram, - 10000 £1/100W/Quad
Appendix T Histogram, Outbound 10000 f£t/3 XKW/turnstile
Appendix J Histogram, Inbound 410000 f£t/3 kW/turnstile
Appendix K  Histogrem, - 18000 £1/100W/biocone
Appendix I  Histogram, Outbound 18000 f£t/3 Ki/turnstile
Apperdix M Histogram, Inbound 18000 ft/3 kW/turnstile
References
Illustrations

Detachable abstract cards

ILLUSTRATIONS

Message structure Drg, RAD,27381

Quad aerial Photo 4,257

Tranamitters and amplifier Photo 4,252
Bioones and turnstile aerials Photo A,256
Slave data link installation Photo 4,251
Quad aerial polar diagram, Vertical

Quad aerial polar diagram, Horizontal
Turnstile aerial polar diagram

Messages received v, range graph 5000 f't
Messages received v, rangs graph 10000 £t
Messages received v, range greph 18000 ft
Signal strength graph 5000 f't

Signal strength graph 10000 ft

Signal strength graph 18000 £t  31,8,64
Signal strength graph 18000 ft 349464
Sample recording 5000 ft 25,9.64
Sample recording 18000 ft 31,8.6L4
Sample recording 5000 ft 5,10.64

Semple recording 5000 ft 23,9,64

CONFIDENTIAL

Page
25
26
27
29
30
31
32
33
3
35
36
31
38
39

Figures 1-19

E
e
NO O~y D=

B O O O
v OOV, EFE WD~ O

A<




CONFIDENTIAL 5

1 INTRODUCTION

U.H.F. data link' is a high speed sutcmatio digitsl deta communioation

system for transmitting commands and information, obtained from radar computers,
direot to fighter aircraft,

Following earlier flight trials of a prototype U,H.F, data link installa-
tionz, pre-production (Stage B) models ¢f the airborne oonverter were flown,
during the period January to Ootober 196, in order to provide information on
range limitations and to investigate beyond-the-horizon performance. To this
end, the trials were divided into two broad astages, The first stage determined
the average range which ocould be achieved before false information was aooep ted
by the airbornme equipment. As was expected, this ooourred near the radio
horizon. The second stage investigated the quality of the path beyond the
horizon. :

The only airoraft available for these trials was a Varsity, having a
maximum altitude capability of about 20000 ft, This was by no means ideal,
since the aireraft for which the U,H,F, data link system is designed ere high
sltitude machines, but it had the comperative advantage of reasonably long
range endurance, ample space for instrumentation and an observer ocould be
carried, Unfortunately the Varsity became permanently unservioeable before the
second stage of the trial was oompleted, Nevertheless, some useful data on
beyond~the-horizon performance was obtained from this stage. In all, somo 56
deylight flights were undertaken and the ranges provided by the use of three
different ground station transmitter power output levels were compared for air-
oreft altitudes of 5000, 40000 and 18000 f't.

2 U HF. DATA LINK SYSTEM

The data link between ground stations and airoraft uses the U H,F, spectrum
225°0 Mo/s to 399°9 Mc/s. Frequenoy shift keying of the trensmitters is
employed; binary 1 being represented by a frequenoy 20 kc/s ebove nominal and
binary '0O' by minus 20 ko/s from nominal,

Fixed length messages are transmitted from the ground to many airoraft, in
turn, on a time and frequency sharing basis, Thus, eaoh aircraf't receiver has to
be synohronized at the start of each message and for this purpose, the message
begins with a 5 ko/s synch pattern. At the receiver, this synchronizing pattern
is applied to a tuned cirouit, When the voltege induced across the tuned
cirouit reaches a pre-determined level, the oirouit beoomes oonnected as part of
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6 CONFIDENTIAL

an osoillator which is used to provide the progremme pulses for the airborne data
oconverter, The programme thus runs in phase synohronism with the initial
instructions, obtained from the syrah pattern,for the length of each message,
Individual messages are therefore vulnerable to phase variations, occurring
through changes in the propagation medium, if such changes are large enough to
.ca.use serious miselignment between the clock pulse programme and the incoming
information. The maximum binary digit rate is 5000 per second.1.

3 MESSAGE FORMAT

The test messages used to assess the ground-to-—air link were generated by
the De--lllul‘t:iplexers3 at the rate of one 69 digit message every 14 milliseoconds,
The structure or these messages is illustrated in Fig.1. Before a message is
accepted by the airborne data converter it has to pass the following checks:-

(1)  Synchronization correct = 13 digits

(2) Address correct

13 digits

(3) Message No. and
origin correoct =~ 6 digits
(4) Parity checks correct - 3 cheoks,

If all these checks are satisfactory, the converter produces a 'message read!
pulael*. Thus, in perfect reception conditions, some 72 *read' pulses per second
are available at the converter, The frequency of these pulses was used to
indicate the percentage of 'correct! messages being received during the trials
and provided an excellent check on propagation conditions since , at the speed of
the test vehicle, this message rate reprosents sbout 1440 messages or necarly
100 000 digits per nautiocal mile,

L  CORRUPTION OF MESSAGES

At signal strength levels below about 2 pV and down to sbout 4 uv (closed
oirouit, at the receiver terminals) the presence of noise causes some messages
to be rejeoted as a result of the checks listed in Section 5 above. Howover a
small proportion of those messages in which the digital pattern has been '
changed due to noise, are acoepted by the converter because the corruption
occurred in the message ocontent portion (Fig,1). This condition arises when
the disturbance of the digital pattern in a parity cheok block is suoh that the
number of binary *1's remeining in that blook still satisfies the requirement
for the parity check, In the prototype model case, the proportion of corrupted
messages being accepted in this way, was found to be about 0°01% 2. The
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pre-production ('B' Model) oconverters, to which this paper relates, include
modifiogtions to lmprove this situation. These modifications consist of a
75 kc/s low pass filter in the input video line, to reduce the unwanted high
frequency components of the receiver's output and e device which checks the
output condition of the signal interrogation cirouits to guard against digit
corruption by ncise pulses., The pre~production models should therefore be
slightly better than the prototypes in this respect.

5 GROUND EQUIPMENT
5.1 Transmitters

Two 100 wett transmitters type T7096, modified for U,H,F. data link used
in FGRI X18189/3 were installed, One transmitter fed either a biocone aerial,
design 41, type AJE, or a Quad aerial of R,A.E, design, both at a height of
45 ft, The other transmitter was used to drive a 3 kW Eleotroniocs Corporation
INC. amplifier type N-2033. The ECI amplifier supplied a 'turnstile' aerial,
mounted upon a 50 ft tower, the uverall height oi the tower and array being
about 86 ft, This array provided an omnidirectional radiation pattern in the
horizontal plane, and a nominal gain of 10 dB in the vertical plane, The .
transmitters were fed with a fixed pattern 'test' mossage, at 72 messages per
seoond from a pair of de-mul'l:i.plexers3 « The UH,F, frequenoy employed through-
out the trials was 282°3 Mc/s, being chosen for its proximity to mid U,H.F,
band., Figs,2, 3 and 4 show the 'Quad' aerial, the transmitters and amplifier
with its artificial load and a view of the turnstile aerial, with a pair of
bicones on the pole in the foreground, The ground station was sited at Cove
Radio Station, Farnborough, which is at an elevation of 210 ft e,s,l,

5¢2 Ground monitoring

In order to ensure that the full message rate was being transmitted, a
monitoring airborne equipment Fig,5 was installed in a laboratory some two miles
from the transmitting station. The message 'recad' pulses from this equipment
wore applied to a pulse rate counter with an automatic warning system whioh was
fed back as an alarm to Cove Radio Station if the pulse rate drupped below 41007,
In addition, an alarm cirouit was oonnected into the tranamitters, so that a
fell in power of 2 dB or more would operate the Cove warning,

6  ATRBORNE TNSTALLATION
6.1 Data equipmont

Tho data receiver was a pre~produotion (Stage B) model of the U,H.F,
T/R X11672 (modified ARC,52), The spooified quietening factor for this receiver,
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the nominal input impedance of which is 50 ohms, is 10 dB for not more than 10 uv
input (open cirouit), Sample models proved to be rather better than specified
e,8. 10 dB for 2 UV, 43 aB for 2°2 uV, and 17 dB for 5 UV, The receiver was fed
from a Dorne and Margolin AT256 wide-band blade saerial, mounted under the aircraft
at the rear of the boub bay, The video output from the receiver supplied the

converter signel data end this output was monitored by an oscilloscope,

6,2 Airborne instrumentation first stage

During staege one, the mein purpose was to determine the minimum renge at
which corrupted information was accepted by the converter. Indication of this
event was given by a series of 54 lamps, comnnected to the 5, permanent stores of
the data oonver berl". The connections were arranged such that, provided the
message stored by the converter was correct, no lamp would be illuminated.
However, as soon as a corrupted message was accepted those digits whose sign
had been inverted were detected by their appropriate lamp being illuminatod,

A visual rate meter, measuring the peroentage of !'recad! pulses being generated,
and a meter indicating the A.G.C. voltage of the receiver were provided to assist
the flight observer, This simple epproach was justified since, with the 100 W
transmission, using either the bicone or the 'Quad' eerial, the range at which
corrupted messages werc accepted coincided closely with the signal strength
permanently dropping below a usable level.

6.3 Flight observations first stage

In order to determine the nearest range from the ground station whore
oorrupted messagos were accepted by the data converter and to ascertain the
depth of the ‘oorruption band!, the flight obsorver noted the range at which any
of the indicator lights ocame on (para 6,2) and the greatest range at which
ohanges to thesc lights ceased to ocour on an outbound flight and viece vorsa on
en inbound run. In addition he observed the messcge 'read pulse' meter and the
receiver A,G.C, voltage, In later flights, the range, read pulso percentage and
A.G,C, level were recorded automntically.

6.4 Instrumentation for second stege flights

Preliminary runs, using the 3 ki transmission, showed that after the
initial reception of corrupted messages,usable signals werc still present for
a considerable distance, However after this initiel point, the signal sometimes
pessed through the eritical level too frequently for manusl observation. In
order to investigate the usefulness of these extended range signals a type
IT,3=12=61 rocorder was added to the instruments used in the first stege, This

CONFIDENTIAL
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recorder was fed with range markers every five miles together with the receiver
A.G,C. voltage and the data oconverter 'read' pulse percentage.

7 COURSE OF FLIGHTS

The aireraft flew off from Farmborough on a heading of 260? in all the
flights up to 10000 ft, Above this altitude, the oourse was usually 350°, for
flight sefety reasons, On the Llow power or low altitude runs the aircraft
usually achieved four passes through the corruption band per flight, by
doubling back on its track under the instruoctions of the flight observer,

8  STAGE 1 RESULTS

The number of flights made, altitude and equipment uséd is shown in the
tables which follow, It should be noted that the outbound and inbound runs
have been treated separately., This is because the polar diagram of the aire
oraft receiving aerial had a back to front ratio of approximately 6 dB -
favouring signals arriving from .the rear, . o

The results of the first group of flights, in the first stage, are given
in Table 41 below,

8.1 10000 ft flights
Table 1

Analysis of runs during 16 flights at 10000 ft between

- a——-

10th Jaruary 1964 and the 13th May 196k

2823 Mo/s
Ground transmitter power - 400 watts
Ground aeriol - bicone

Nautiocel miles

Criterion
Outbound Inbound

Minimum range (no corruptod messages acocepted) 113 103
Maximum range (no corrupted messages acoepted) 134 130
Range before corrupted messagoes acoepted g

Average of 26 runs 119

Averoge of 28 runs . 118
Maximum corruption band 113 to 145 | 103 to 140
Average corruption band (28 runs) 119 to 134 | 118 to 123

The average of all runs in both directions is about
148 noutical miles or 1°18 vh nauticel miles (h = height in feet)

NOTE: The term 'corruption band! is defined as the distance over which messages containing corrupted
{infermation were occasionally accepted by the data converter. At the greater distance shown in the
tables, the signal had dropped to an unacceptably low level and no further messages were received,
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8.2 Signal stre attenuation near the horizon

The A.G.C. level of the airborne receiver was teken at disorete points by
the flight observer during the flights to which Table 1 relates and one became
interested in the slope of the attenuation curve onwards from the optical horizon,
The distance required to produce a 20 dB fall in signeol strength is shown in
Table 2, The average drop was shown to be about 1 dB per mnm, The table also
indicates the ranges at whioh the signal had dropped to 10 UV and 1 UV at the *
receiver terminals,

Redio signo.l attenuation in the region of the horizon
10000 ft course 260°, f = 282°3 Mo/s

Ground transmitter., 100 watts
Ground aerial bicone

innlysis of 40 runs

Average slope of outbound runs = 1°06 dB per nm
Average slope of inbound runs = 0°96 dB per nm
Average slope of both directions = 1°01 dB per nm
(Meociroum = 2°2 dB per mm
Spread of slope (Mind = 07 4B per mm
Average range for 10 puv* signal = 4107 mnm

Minimum range for 410 uV* signal = 87mm
Maximum range for 410 uv* 127 mm
Average range for 41 uV* signal = 129 m
Minimum rangs for 1 pUV* signal 113 mm
Maximum range for 1 uVv* signal 143 nm

* This is the signal at the receiver input when conneoted to
a quarter wave wide band unipole,

8,3 18000 ft flights

The analysis of the second group of flights in stage one, at a greater
eltitude, is given in Table 3, page 11,
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Table 2
Analysis of results of six flights at 18000 £t between

26th May and 10th July 1964

Frequency = 2823 Mo/s
Ground trensmitter. 100 watts

Ground aerial Quad,
Noutical miles
Criterion Outbound Inbourd

Minimum range (No corrupted messages accepted) 153 154
Maximum range (No oorrupted messages accepted 175 175
Nearer corruption margin, average of 12 runs 159 156
Distant corruption margin, average of 12 runs 170 167

BOTH WAYS
Minimum renge (No corrupted messeges accepted) ‘ 153
Maximum depth of corruption band 153 to 175

Average range before corrupt messages aoccepted =196 vh = 155°5

Maximum range for 100% reception 163 (24 runs)
Minimum range for 1007% reoeption 151 "
Average range for 400% reception =115Vvh = 155 "
Maximum range for 80% recepiion 164 (24 runs)
Minimum range for 80 reception 154 "
Average range for 80% reception s 447vh = 157 "

The average proportional renge, in terms of vh, before corruption ocours
is slightly less than in the case of the 10000 ft flights; 1°16 vh instead of
1°48 vh in mm,

8.4 'Quad aerial runs

Between 13th and 24th of July 1964, six flights were made using the
tranamission eerial illustrated in Fig.2, The aerial was designed by the author
and was tested on the serial renge at R,AE, Lasham, Figs,6 and 7 show the
polar diaegrams obtained, for vertiocal and horizontal axes respectively, at the
design frequenoy of 282 Mo/s, The V.S,W.R., as measured at the Cove transmitter,
was found to be 1°43:1, The aeriel was mounted, on a tower, at the same height
end adjacent to the biloone aerial which had been used as the reference,
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The flight results are shown in Table 4 where it will be seen that an
improvement in average range of 11% was shown, compared with the same input
power to the biloonical aerial, i,e, the increase was 13 miles, from 118 mm to
131 nm at 10000 £t altitude, Since the path atteruation in this region was

about 1 dB per mile (Table 2) a gain of 13 dB over the bicone can be attributed
to the Quad aerial under these conditions,

Table .11.
Analysis of rosults of 21 runs at 10000 £t durdinz 6 f1ights, between
12th JH and 2&th JL_I_JEI 1265.

2823 Mo/s
Ground transmitter, 4100 watts
Ground aerial, Quad
Range in nautioal miles
Criterion
Outbound Inbound
Minimum range (No corrupted messages aocepted) 127 125
Maximum range (No corrupted messages acoepted) 139 135
Maximum corruption band 127 to 167 | 125 to 143
Average range before corruption ocours;
outbound + inbound = 4131 mm

8¢5 Preliminary runs with 3 kW amplifier

During the period 413th July to 28th August, 1964, thirteen flights were
made at 10000 £t using the 3 kW amplifier and turnstile aerial, The same
procedure for determining the limits of the corruption band was employed so as
to provide comparison in the same terms as previous flights, The improvement in
maximum range was so noticeable that extra instrumentation was installed
(para 6.4) for flights on and after the 12th August., Results obtained from this
instrumentation will be dealt with later in the paper,

Table 5, page 13, shows the analysis of 13 flights and Table 6, page 14,
glves the oomparison of results from all flights so far desoribed,

It will be seen that the 3 XW applifier and turnstile aerial gave oan improve-
ment in average range of 33% before corrupted messages were aocepted by the con-
verter, compared with the reference 100 watt/bioone combination, A signifiocant
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feature being en improvement by 89°54 in maximum range, (Meximum range being
defined as the greatest distance from the transmitter at which messages were
received, regardless of gaps in reception from the start of the corruption
band, onwards, )

Ieble 5
Analysis of results of 13 flights at 10000 ft between 13th July
and 28th August, 1964, 3 kilowatt emplifier and turnstile serial

Ra._gge before corrupted messages were accepted:-
Average 157 mm

Maximum 205 mm
MHinimum 135 nm

Maximum renge regardless of oorruption:-
275 nm,

8.6 Notes on results of Stage 4

During this stage no quantitative assessment was made of the percentage
of messages received versus range, It had been seen that, for the 100 watt
transmissions, the signal strength dropped below a usable level within a few
miles of the onset of corruption, The useful range oould not therefore, be
oonsidered to extend much beyond this point, Up to the near boundary of the
corruption band, flight observations of -<he message rate meter indicated that
the majority of the messages sent wore received, The 3 KW transmissions showed
en improvement of 33% in range, before the onset of corruption and an inorease
of nearly 90% in maximum range., It should be pointed out that the effective
inorease in power of the 3 MV/turnstile over the 100W/bicone system was
probably more than the theorctical amount due to power and aerial gain,
Measurements at a distance of about two miles showed the turnstile combination
es having 53 4B greater output at low angles of inoidence than the 100W/bicone.
This was larger than the 24 dB expeoted from theoretical considerations and was
probably due to a more favourable polar diagram in the case of the turnstile.

Since tho angle between the ground station and airoraft was never more
then a few degrecs, this factor may have favoured the turnstile aerisl by more
than the theoretical power ratio during the trials, Typical polar diagrams
of the turnstile eerial are shown in Fig,8,
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9 STAGE TWO PLANNING

In the light of the extended maximum renge results, obtained from the
initial 3 kW flights, it was deoided to investigate the reliability of the
oommunioation path at beyond-the-horizon ranges over a period, so as to provide
information on the path changes to be expected, Since diurnal propagation
variations would have a greater bearing on this investigation than in the previous
work, 100 watt end 3 kW flights at altitudes of 5, 10 and 18 thousand feet were
interlaced so as to obtain a oross section of propagation oonditions, As in
earlier flights, the trials took place during daylight, It had already become
evident that oorrupted messages would ooccasionally be aocepted from the near
boundary of the corruption band onwards, until the ultimate limit of signal
strength was reached, When the low power tranamissions were used, this band
was only & few miles in extent, With the 3 K transmissions, it had beocome
evident that the corruption band would extend over considerable distances, It
was decided, therefore, to attempt to evaluate the usefulness of this part of
the path by measuring the percentage of messages recelved end the relative
signal strength from the region of the horizon onwards; on the assumption that
the proportion of messages aoccepted as oorrect would inoclude a similar proportion
of oorrupted messages as determined from previous workz. This would provide a
guide to the number of times & message would have to be repeated to ensure
oorreot reception, together with useful information upon signal attermation and
pointers to improved system design.

10 FACTORS AFFECTING EXTRACTION OF DATA

10.1 AG,C,

The receiver A.G.C, charaoteristio was favourable for showing small changes
of aignal strength at the low input end of the ocurve, O to 10 UV being represented
by a ohange of about one volt., Above this level the charsoteristio beoame
asymptotical. The time oconstant was reasonably fast for showing ochanges in the
propagation medium, e,.g. 1007 8 quare wave modulation of a 1 m,v, carrier gave
an A,G.C, voltage time oonstant of 2°3 milliseoonds between the limits of 10%
and 90% of the final amplitude,

10,2 Pulse rate integrator

The data convertor message 'read! pulses were fed to an integrator oirouit
having a growth (O = 100§3) of about four seconds and a decsy time of about six
sooonds,
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10,3 Reocorder

Paper passed through the recorder at the rate of % inch per second or
ebout six inches per mile of flight, depending upon the speed of the airoraft,
A casette lasted for some forty minutes of flying time, Event markers oconalsted
of one second and five mile marks, Extra film casettes were carried and the
flight observer endeavoured alweys to change oasettes at a time when the least
interruption to critiocel data would ocour, By tnis means, reasonably oontinuous
reoordings of individual runs were obtained,

11 REDUCTION OF DATA

In order to compromise between excessive information and data reduction to
a point where the true picture beoomes obsocured and since some 1600 £t of
recordings had to be processed, it was deolded to extract an average of the
message received percentage for ecaoh unit of ten mlles of each flight; to
average thcse ten mile units for flights at each altitude and also show the
spread of the percentage from which the average was obtained, The signal strength
reocordings were reduced to points one mile spart, Attentlon was also given to
short term perturbations of the signal, Histograms reproduced in the appendix
were prepared from the message perventage reduotion. Sinoce the minimum signal
required for 100% reception is about 1 miorovolt (olosed oirouit at the
receiver terminals) , the histograms also show the average poroentage of each ten
mile step during which the signal was at or above this level,

Representative graphs of signal strength are reproduced in this paver,
12 STAGE TWO RESULTS

12,1 Message percentage at 50_2_(_) 't

Fig,9 indicates the average percentage of messages accepted as correct
during 14 runs using 100 watts and the bioone aerial compared with 13 runs using
3 kilowatts and the turnstile aerial, The 100 watt/biocone combination shows that
the average distance where reception starts to drop from 100 was at 60 nautioal
miles; well before the radlo horizon, By the time the radio horizon was reached,
message reoeption was down to about 6055, The average renge for the limit of
reception was about 95 nautioal miles, In the case of the 3 Kf/turnstile trans-
missions however, the deviation from 1007 was at 90 miles, some 77 beyond the
radio horizon and the average range to the mo reception point was about 185 mm,
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12,2 Message percentage at 10000 fi

Fig,10 oompares 18 runs using 100 watts and the Quad eerial with 8 runs
using 3 ¥ and turnstile,

The former combination was just sufficient to provide 100% reception up
to the radio horizon (120 nm) from where the reception fell to zero at about

170 rm,

Using the higher power, the percentage started to drop from 100 at 130 mm
and did not fall to zero until about 280 nm,

12.3 Measage percentage et 18000 ft .

Pige11 illustrates the average of 20 runs using 100 watts and bioone
compared with 2 runs each way 3 KV and turnstile -~ the amall sample of higher
power runs obtained was due to the test aircraft becoming permanently
unserviceable, causing the trials to be abandoned (this also accounts for the
laock of 10000 ft/bicone samples for this stage of the trial), '

The lower power ourve compares olosely with the 100 W/bioono results at
5000 ft, message peroentage being down to 607 at the radio horizon in both
cases (161 rm and 85 mm respeotively). No further messages were received
beyord an averege of 180 nm, The 3 K¥ and turnstile ocombination provided 100%
reception up to 190 miles, The range to the point of no reoceptlon was not
determined, since the airoraft's flight endurance was insufficiont to reach this
range and return to base., Bursts of 100% message rate were still ocourring at
340 nm,
NOTE: The information contained in the message percentage graphs referred to
above has been limited for quick reference purposes. The appendix to this

paper oontains histogram (Figs.'D' to 'M') showing the average percentage in
units of ten mn and the spread of the steps from which the average was obtained,

12,4 Meteorologiocal conditions versus range

" During the period covering flights where extended range was obtained by
the use of the 3 KW amplifier, all available meteorological informatio=n for
areas in the vicinity of the flight paths was colleoted with a view to
attempting to eatablish factors which affected the ranges achieved,

The 5000 £t and 10000 £t flights were on a course 260° from Farnborough
and for these flights the meteorologiosal data was taken from Fermborough, Hants
and St, Mawgan, Cornwall, Information in regard to inversions and trepospherio
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height was taken from Crawley, Sussex and Camborne, Cormwall, Information with
respect to the 18000 £t flights, which were on a course of 350°, was taken from
Parnborough, Crawley, and Leuchars, Scotland,

The meteorologloal data were availeble for 10,00 and 13,00 hours, Tropo-
spherioc heights and intervening inversions were given for 12,00 hours, Ranges
obtained for flights between these times were plotted against the various items
of data, such as barometric pressure, vapour préssure, inversions and tropo-
spherio height, temperature and so forth, Partioular attention was paid to the
relationship between range, versus the presence of inversions and tropospherio
height, since it has been suggested5 that at least some of the beyond-the~-
horizon propegation phenomena ocan be explained by the meochanism of specular
reflections from elevated disocontinuity layers,

Examination of the results failed to disclose positive oorrelation between
ranges obtained and individual or colleotive data In regard to temperature and
preasures, possibly because these referred to ground level at the Meteerologlcal
Measuring Stations rather than at the level at which the alroraft was flying,

In addition, this information was usually at least an hour out of synchronism
with the time at whioh maximum range was reached, There was, however, a
tendenoy for range to inorease with higher temperaturs and pressure,

The 5000 £t flights showed range inoreasing with tropospheric height,
but this was not confirmed by the results at 10000 or 18000 ft, where renge
and tropospheric height appeared to be completely unrelated, Neither could any
conneotion be found between inversions and range exoept that, at each altitude,
the flight during which the greatest range was obtained ococurred when an
inversion between 600 and 2000 £t at both tropospherio sounding stations along
the flight path had been diaoemﬂ.ble. -

Ranges versus meteorologlcal and tropospheﬁoal data for rliglit eltitudes
of 5, 10 and 18 thousand £t are shown in the Appendix Tebles A, B and C
respectively,

It became evident, as the trials progressed, that there was a strong
conneotion between weather conditions and radio range, During settled periods
where little or no cloud existed ranges were invarishly long, As soon as
oonditions became even alightly unsettled the ranges were reduwed, The
prosence of olouds near the airocraft resulted in a reduotion of the messages
received percentage, Once the region of oloud was cleared by the airoraft
the rate would inorease, Umusual conditions were experienced during the
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18000 £+ f£light of 3,9.6L, where 100% messages were still existing at 340 nm,
This flight was ocarried out between two layers of oloud, except for the last
few miles where the sky wes completely clear, Unfortunately the airoraft had
to return for fuel before the ultimate range ocould be found, In this oase the
propegation medium wes presumably a duct between the cloud strate,

) Although ro firm oonclusions as to the mechandsm of beyond~the~horizon

propagation oould be drawm from these trials, it seems reasonsble to suggest
that diffraction in the region of the horizon and terrestisl magnetic effects
cause & small proportion of the signal to travel at angles subatantially
parallel to the earth's surface and that the presence of water vapour is a
significant faoctor causing attenuvation of this signal. Thus, during periods
of settled weather when aimospheric moisture is low, usable signals are stlll
Present at ranges well beyond the horizon, These ranges oould be greatly
extended by ducting effects and modified by changes in the refractive index of
the atmosphere, since the latter changes the oconstant which determines the
effective radius of the earth.

12,5 Signal strength distribution

Flgs,12 and 13 show typical examples of signal strength of the 3 kilowatt
and turnstile oombination plotted against distance, for airoraft altitudes of
5000 and 10000 ft, These graphs were obtained by reading off the photographio
recordings at intervals of one nm, so that fast variations have been smoothed
out. The horizontal portion, to the low mileage end of the ourves, should not
be taken as representative of the signal strength fall off over line of aight,
since, at this level, the recelver A,G.C, was approaching saturation®, Examples
of and comments on the photographioc recordings will be given later,

It will be seen that a sharp step appears in the slope in the vicinity of
the horizon, after which the signal fall off is relatively shallow and
fluotuating. The results of a number of runs were processed for each altitude
and the followling information was e xtraoted,

(a) The average distance from the transmitter to the top of the step was
144/ helght in feet = nm for both altitudes, with o spread of 13 vh to 1°54 vh
over & Jozen runs,

(v) The average attenuation down this step was about 4°5 dB per mm during

the same runs,

¢  Hitherto unpudblished work at the R.A.E., on V,H.F. propagation indicates that the attshuation
characteristic over the line-of-sight path is greater at 5000 ft than at {0000 ft, Figures so far quoted
sre: 5000 ft 0,35 dB/mm average, with a spread from 0.2 dB/mm to 0,65 dB/nm; 10000 ft, 0,27 db/mn average,
with a spread from 0,2 to 0,3 dB/m. (See Para,12,5 (d) above.)
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(¢) The average distance to the foot of the step, in both cases, was
1+63 vh nm, with a spread from 1°43 Vh to 1°95 Vh,

(d) There was a marked difference in the beyond-the~horizon attenuation
between the 10000 £t and 5000 ft results from the foot of the step onwards,
The average attemuation at 10000 ft being O°41 dB per mnm, whereas at 5000 ft it
was 0°473 dB/mm,

Unfortunately, insufficient samples were availlable for 18000 ft flights to permit
valid comparisons to be made with the lower altitudes in regard to (d) above.

It would have been most interesting to determine whether still further reduo-
tlons in attemiaetion oocourred at higher altitudes,

Only two flights oould be ocarried out at 18000 ft during the second stage,
before the aircraft became unserviceable. Since the propegation conditions were
oompletely different for these two flights, the signal strength graphs for the
outbound runs are reproduced in Figs,44 and 15, The outbound run on 31,8.64
(Fig,14) was oarried out under fairly average propagation oonditions , the
attenuation being similar in character to the typiocael 5000 and 10000 f£t results,
The signal hed dropped to the 1 WV level.at about 195 mm (1°45 vh), gradually
falling to zero at about 285 nm, Fig.15, relating to the outbound flight on
3¢946L, ia very different :n charaoter, On this occasion the airoraft was
flying between two ocloud layers and there was an inversion at 1500 £t discernible
at both ends cf the track, The signal level was exoeptionally high throughout,
being about 60 uV at 200 nm (1°5vh) where the top of the step ocourred, The
slgnal did not drop to 410 UV untdl about 265 nm and apart from two areas
between 28l and 288 and 306 to 308 mm, the signal strength did not drop below
2 WV during the remainder of the run, which extended to nearly 340 miles, The
airoraft then had t> return due to fuel shortage, Other interesting features
of this flight are the double step between sbout 200 and 260 rm (Fig,415) and
the greater tendency for the signal to remain at steedy levels over various -
seotions of the route, At ebout the point where the airoraft emerged from
between the oloud layers into olear sky (i.e, 316 mm from the transmitter) up ;
to the turning point, the variations in signal level were oonsiderably reduced
in frequency, with very little overall attemuation oocurring,

12,6 Fading
Referring again to Figs,12 and 13, The intervals of extraction from
the reoordings were of the order of 20 sec apart, These graphs being typiocal
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of results at 5000 and 10000 ft, provide information upon the longer term fading
tc be expected at these altitudes,

Examples of the various types of short term fading enoountered are
11lustrated in Figs,16 to 19 inoclusive, These are direot extractions from the
recordings at beyond-the~horizon distances and were chosen from sections where
the message reccption was being badly affected by signal perturbations, One
should bear in mind, vhen examining these recordings, the time oonstants of
the A,G,C. and message rate instruments, (Paras 10,1 and 10,2). Due to the
relatively long time oonstant of the message received pulse integration, there
is some ocause and effect time displacement between the two traces,

Figs.16 and 17, relating to 5000 ft and 18000 ft respeotively, are
examples typical of the majority of short term fading versus message reoeption
oonditions encountered at all three altitudes flown during the trials, The
positions whers these examples ococurred are amnotated on the signal strength
graphs, Figs,12 and 14. In these ocases, the signal varies in rather random
fashion, An appreoiation of the fading rate can be obtained by comparing the
Bignal strength ourve of Fig,17 with the one second vertiocal markers, In this
oase, the airoraft has flown through an area of disturbed signal strength
extending about five miles in depth, The beginning and end of this area is
olearly visible on the recording.

Fig,18 is a sample of message drop-out whioh ocours only oocesionally,
The signal strength falls slowly and then starts to oscillate with increasing
amplitude at about two oycles per seoond for about half a mile, after whioh the
signal gradually recovers its previous value., The cause of this type of fade
is uncertein, but the indlications were that it may be connected with turbulence

near oloud formations,

A sample of the third group of fading patterns encountered is shown in
Pig.19., At first sight this type of fade, which happens very seldom, appears
to be similar to that of Fig,18, However in this case, the signal fall-off is
not evident and the osoillations start and finish at a high rate, slowing down
to zero in the centre of the dlaturbed area, Although the presenoce of other
airoraft was not noted at tho time, refleotlons from such objeots appears to
be the most likely ocause of this effect, which in oharacter is similar to the
beat fading experienced with television reception in the neighbourhood of
aerodromes,

CONFIDENTIAL



22 CONFIDENTIAL

12,7 Cause of mussage loss

The reocrdings were examined in order to determine the ocause of lost
messages, Thls could be due to interference from other transmitters, phase
changes in the propagation medium (Pare 2) or the loss of signal strength,

None of the recordings revealed svidence of radioc interference, 100%
message reception being indicated at all times when the signal was above the
oritical level (Para 4), This also implied the laock of significant phase
ohanges in the medium, since the data converter will faill to proocess messages
borrectly if the frequency of its video input (from the U,H,F, receiver) changes
by thirty oyoles or more from nominal frequency during a message period., The
U.H,F, transmission modulation system is by frequency shift keying of the oarrier,
therefore the accuracy of the receiver's video output is direotly related to the
frequency of the radio transmitter, Certainly there was no evidence of message
lcss, due to this oause, when the received signal was above a few miorovolts,
However, at the extended ranges when the signal was fluctuating rapidly arcund
the 1 pV level some message loss could have been present without this showing
up on the message percentage trace, owing to the integrating time of the galvan-
ometer driving circuit,

No adverse effects resulting from a signal minima, attributable to inter-
ferenoe between direct and indirect ray56 were encountered over line-—of-sight
ranges, Beyond the horizon, short term reductions of signal frequently ocourred,
but these appeared at random distances, flight by flight, despite the faot that
on eaoch ooccasion the aircraft flew over the same track, During the 5000 and
10000 £t flights, the aeiroraft was over land for the first 170 nm from base and
over sea for the remainder of each outbound leg, No discernible change in the
fadlng or attenuation characteristic occurred after leaving the land and flying
over the sea or vioe versa, e.,g, Figs.,12 and 13,

13 CONCLUSIONS, STAGE ONE

Stage one of these trials showed that the 100 watt transmitter and biocone
aerial combination, which is in use for R/T purposes and is proposed for
U,HF, data 1ink, has insufficient radiated power to ensure, at all times, 1007
uncorrupted message reception from the transmitter site to the radio horizon
for alroraft heights up to 18000 ft, It would appear that this deficiency is
of the order of 10 dB, since the use of the Quad aerial, the gain of which was
of this order, demonstrated reliesble communication to the radio horizon when
used with the same transmitter, This type of aerial would, however, not provide
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omnidirectional radiation in the horizontal plane and would therefore be
unsuitable for normal ground to air communication, Transmitters having 100
watts output power would probably give all round coverage to the radio horizon
if they were used to feed an aerial system having 10 dB gain in the vertiocal
plane and an omnidirectional pettern in the horizontal plane, e,g. the type of
aerial used with the 3 kilowatt amplifier as described in this paper,

Stage one results demonstrated that an inorease of output power to 3 I
and the use of a horizontally omnidirectional transmitting aerial having 10 dB
vertioal gain was suffioient always to ensure 100% reception of U,H,F, data
1ink messages (requiring & minimum of 41 WV input to the receiver) up to the
radio horizon and that, on most oocasions, the 10075 reception distance extended
to more than 10% beyond the radio horizon for airoraft heights up to 18000 ft,

- It should be pointed out that it may not be safe to extrapolate the range
results shown for these trials for airoraft flying above the tropospheric
boundary. If the assumptions made by other writers, e.g., Refs,7 and 5, are
correct the signal attenuotion charsoteristics ocould be different from those
experienced for sub~tropospheric heights,

14 CONCLUSIONS, STAGE TWO

Use of the 3 Ikdlowatt amplifier, turnstile aerial and the airborme data.
converter enabled a large amount of data to be extracted in regard to propaga=
tion conditions in the region of and beyond the horizon, Due to the charaoter-
istios of the airborne receiver and data converter oombination, it has been
possible to provide comprehensive information upon the peroentage/range faotor,
where signals exceed.a field strength equivalent to that required to produce a
1 uv, closed oirouit, signal at the output terminals of a standard U,H.F. alr-
borne aerial,

It has been shown that usable signals are normally present at ranges far
beyond the horizon, provided that suffioient power is radiated at low angles of
incidence to ensure that a large enough residual signal remains after the
horizon attenuation, -This oan be achieved with powers as low as 3 kW and the
use of high date rate, involving bandwidths of 7°5 kilooyoles and radio
receivers of old design,

The propagation medium between the ground and airborne stations flying
at between 5000 and 18000 ft altitude, produces three distinot attenuation
oharacteristics ovor the path from the source of radiation to the limit of
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range, The first of these ocours between the source and the visual horizon and
was not investigated during these trlals, Contemporary work on V.H,F, propaga-
tion so far indicates that this slope is of the order of 0*3 4B per nautioal
mile, (see footnote to Para.12, 5) with considerably more attenuation sometimes
ooourring at lower aircraft altitudes,

Just beyond the optical horizcn the attenuation at UH,F, increases
rapidly and maintains an average of about 1°5 dB per nautical mile between the
distance limits set out in Para,12,5, The distanve from the source at which this
slope began was found to vary by 24%, with that to the foot varying by as much
as 528, The average distance to the beginning of this second slope, for airoraft
altitudes of both 5000 and 10000 ft, was found to be 1°4 [height in feet = rm
and in both ocases the average distance to the foot of the slope was 1'63 vh,
From the foot of this second slope onwards, oonsiderably less attenuation
ocours, everaging only 0*41 dB/nm et 10000 ft and 0°173 dB/nm at 5000 ft, This
greater attemiation of the third slope at the lower altitude is of interest in
connection with the préviously mentioned findings at V.H.F, over the optiocal
path, since preliminary data from the V,H,F, trials also shows more rapid
attenuation of the third slope at 5000 £t compared with that at 10000 ft air-
oraft altitude,

The trials have shown that it is possible to process high data rate
messages with a fair degree of reliability at beyond-the-=horizon distances in
daylight and that, with the system used, the determining faotor for reception
was sufficlent signal strength, Loss of communication due to interferenoce,
phase changes or other causes was not encountered, It is evident that still
further range improvements oould be obtained by bandwidth reductions and the
use of a lower data rate,
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. Ground at Ground at I
South Farnborough St. Mawgan 4
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Date Time T° VP P T° VP P m | 7° B
~ $ e x> T R ———_ u-r-T» T * Fm.t w3 ar.a}--e-.—‘_.-uk . mgra wm
10,00 2L 55 1005 8 9 10054
13.10,64
13.00 11+6 71 10051 12 7 1005+9 Ni1
. P s e
10,00 10°1 9+5 1011°9 | 11°2 | 10°8 | 1046°5
16,10.64
13,00 13°5 7°6 1013*2 | 124 | 10°8 | 4018*2 | 5°5|~02 | 6
r" - - A ol i
| 10,00 73 94 998+9 9 10°3 996°6 120°5 | =3l |23
1441064
. 13.00 8+8 | 106 997°9 | 12 10 9968
;10.00 108 | 123 10248 | 141 | 15°9 | 10219 Nil
5.1006b-
13,00 198 | 157 10234 | 145 | 16°5 | 1020°8 ]
10,00 | 206 | 8:9 | 10214 | 17 132 11016 | @ |+12] 2
23.9.64
13.00 218 9+8 1019°3 | 18 42°3 | 10141 | 85|+ 5} ¢S
-a 4 e »wmim vy
Legend:- T° = temperature in °C
VP = vyapour pressuro
P = barometric pressure
Hb = height of base of invers]
Ht = helght of top of inversi:
Trop. = helght of troposphere i
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Appendix 4

d 12,00 hours at 5000 £t 3 K7 Course 260°

AT DT T @ wLW WS s WD v BT LW SR~ 3

PR Y

Inversions and trépospheric height 12,00 hours at

Crawley Camborne Range

e N — e e ' - obtained
b T° Ht T° | Trop. T° Hb T° it T° | Trop.| T°

" ﬁ-w-mip-—n g - g R & e fov g o Sv—

» Nil Nil 28 ~55 Nil M1 35 | -51 145 mm

S R PR R B . . - :

; 55 | +01 | 6°0 0

: LS.B ~02 | 6°0 [ =01 33 =551/ 9°0 | ~O4{ 9°3 |-03| 3 |[-57 | 150 mm
20°5 [ =3k |23 -32 335 =5z 1115 -19 {17°5 | ~18 | 35 |~54 160 nm

e ot i .

' Nil Nil 39°5| -60 Nl Nil 4ol | =62 175 nm
@ [+12| 2°5] +14 +i4 | 0°75 | +20 180 nm

| 85|+5]9 [+6 | m -63 45 | -6k

e in °C

8suro

pressure

base of inversion in thousands of feet

top of inversion in thousands of feet

troposphers in thousands of feet,
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Appendix B

Tlights between 10,00 and 13,00 hours at 10000 fi

Gmun:l. ;; -_Groun(; .-; T - Invé‘z:sions
South Farnborough . St, Mawgan e Grauile
Date Time o VP P T° VP P Hb ™|t | T°
’ 10.00 |16°3 | 16 | 1017°7 | 46 17 1 10186 | & | + 8| 59| =10
29.7.64
13,00 [18°5 | 162 | 10186 | 18 | 17 | 1019+5
) 10,00 [10°3 | 14 | 1017°7 | 14 | = | 4017+1 Ni1 miL
21.8.64 '
13,00 {17 | 10°7 | 104772 | 17 - | 1017
10,00 | 1775 | 4h+7 | 10189 | 16 | = | 10209 | 36 | 10 | &% | +11
28,8,6L .
13,00 |22+ | 43. | 1017°9 | 16 - 1024 -2
10.00 |17°k | 182 | 1013 16 - | 1018°7 | 71 | + 7| 74 | + 8
24,8,64
- -|- 13,00 |18 | 188 | 10182 | 17 - | 10194
10,00 [16°9 | 154 | 1012°6 | 16 | 16 | 1046+3 | 3°3 | +11 | 38 | 416
28,7.64 |
13,00 |21 o2 | 10132 | 17 | 16 1017°3
10,00 | 185 | 17°2 | 1019°9 | 454 | 17°5 | 40245 | &e7 | +11 | 50| +12
31e7.64
13,00 |21 18 | 1018°7 | 16°2 | 16+1 | 10224 | 65 | + 9| 7°0 | +10
_ U SN I O KL 1:2 | +3
10,00 |20 | 184 | 10244 | 19 | 17 | 1021°3 | 68 | + 7] 69| + 9
568464
13,00 |25+1 | 18+ | 1019-8 | 22 |17 | toe05] | | |
10,00 |22°7 | 17°2 | 1012 16 = | 10103 | R s | 207 | 423
26,8.64 , N
13,00 28-2116-2 1012+2 | 21 - ‘.1011-8 ; 1 _

* AMroraft returned at 270 nm, due to fuel shortage. Indication of message rete meter

Legend:~-

T

™ =
VP
P =
b =
Ht =
rop, =

temperature in °C
vapour pressure

barometric pressure

flight of base of inve:
flight of top of inver:
height of troposphere }
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Appendix B

L 10,00 and 13,00 hours at 10000 £t __ 3 K7, Course 260°

L..at ” ) Inversions and tropospheric height, 12,00 hours at
wgan o — Crawl‘ez e Camborne Range
’ P Hb | ot | 7° Trop.| T° Trop. | T° obtained
10186 | & +8 | 49| 410 [11°5] -58 T W5 | 63
| 1019°5 o 220 nm
10171 11 N1 | 37 | =56 367 | =59 '
1017 | 2o mm
10209 | 3°6 | +10 | L4k | +41 | 408! =56
10212 | 2 37°6 | =56 ‘245 |
1018+7 | 7° + 7 74 +8 [428] 67 Ly 67 255 nm
1019°4, |
10163 | 3°3 | +11 | 3°8 | +46 | 40 | =60 425 | =63
1017+3 16+5
] 1947 260 nm
_-- e BUE gl R R X S ¥ FYTEE IRV U Y o . o w r.—\ .-aJ
1 1021°5 [ 4+7 | +41 | 5°0 | +12 | 383 | ~60 41 60
10224 | 65 | + 9| 7°0 | +10
o 10°7 +2 (112 | + 3 270 + *
1021°3 | 68 | + 7| 69| +9 |40°8]| ~60 L5 61
| 1020-5 - 1 | 270 +*
10113 | @+ | +21 | 2:7] +23 |49 | 63 39°9 | =57 | 285
- - 1
|
1
| 1011-8 ) IR L !

. Indication of message rate meter were that the ultimate range msy have been about 280 nm,

- ° =
VP =
P =
b =
Ht =

Trop, =

temperature in °C
vapour pressure
barometric pressure

flight of base of inversion in thousands of feet
flight of top of inversion in thousands of feet
height of troposphere in thousands of feet,
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